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PLATE 6. 
The experiments reported  in this paper were  designed to explain 
the abnormalicdes observed in the following cases of auricular tachy- 
cardia:  (I)  a  case  described  in  I9o8 by Hertz  and  Goodhart  (I), 
(2)  three  cases  published recently,  in  I9II,  by RiM  (2),  and  (3) 
one,  1 still unpublished, which the author observed this year  (I9Io- 
I9II). 
Although all the cases  had points of close similarity, the most essential char- 
acteristic was the high auricular rate.  In. the first case, that of Hertz and Good- 
hart, the highest rate noted was 236.  This was supposed by the authors to repre- 
sent the  speed  limit of  the heart.  In the  cases  reporte  d  by Rihl, the  auricular 
rate in the first  case was about 300, that in the second 200, and that in the third 
200.  In the  author's unpublished case,  the  rate was  280, there  being but slight 
variations from time to time.  It is extraordinary that the auricular rate in these 
five cases  should be so unusually high,  and it is more remarkable still that in all 
of them the rate should be maintained with but very slight fluctuation, for weeks 
and months--in fact, throughout the  entire period of  observation.  Under ordi- 
nary  circumstances,  this  unusual  condition might  escape  observation,  for  the 
ventricular rate in these cases  was either normal or, as in Hertz and Goodhart's 
case, slightly above normal.  In Rihl's first case, the radial rate at first examina- 
tion was !5o, but three weeks  later it had fallen to 70, which seems to have been 
the usual speed;  in the  second case,  the  rate  on admission was 8o,  and twenty 
months later it was 72.  In this case, the radial rate sometimes rose from Ioo to 
I5o, as a  result of muscular exertion and excitement, and went even as high as 
2o0.  In RiM's third case, the radial rate was about ~oo; once it rose to 200.  In 
the author's unpublished case,  the usual rate was 7o, and, except following some 
interference, such as the administration of atropin, it remained at this speed.  It 
is  apparent, therefore,  that  unless  a  special  examination had  been  made,  the 
* Received for publication, November 8,  I9xI. 
1This patient was  in the  service  of  Dr.  M,anges,  2d  Division, Mount Sinai 
Hospital. 
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unusual  auricular  condition  would  not  have  been  suspected.  It  may  be  stated 
that  unless  affected  by  special  conditions,  all  these  hearts  showed  a  definite 
auriculo-ventricular  co6rdination.  Most  frequently  the  ventricle  responded  to 
every  fourth  auricular  beat,  that is,  a  ratio  of  4  to  I.  At  such  times  the  ven- 
tricular rate was  regular.  Frequently, however,  the ventricular rhythm appeared 
disordered,  and analysis  (especially  in Rihl's eases)  indicated that the ventricles 
were  then  responding to  every third or  to  every  second  auricular  contraction. 
Rihl  tested  the  effect  of  vagus  pressure  (Czermak)  in  his  cases,  and  in  all 
of  them  marked  slowing  or  stoppage  of  the  ventricles  occurred.  He  usually 
fails to  state whether pressure was made on the right or the left vagus.  In one 
instance, however, he mentions that the pressure was on the right vagus, and also 
states that in this case similar results were  obtained by pressing on the left side. 
Curves of the effect of pressure on the left side, however, are not reproduced.  While 
vagus  pressure  in  these  cases  induced  the  usual  ventrieular  slowing,  absolutely 
no effect on the auricular  rate could be detected.  In  all  five cases  the  effect  of 
atropin on the heart rate was studied.  In each instance, the ventricular rate was 
markedly  increased,  while  the  auricular  rate  remained  unaltered.  Finally,  in 
Rihl's three cases,  digitalis decreased  the number of  ventricular systoles;  that is, 
it  increased the degree  of  heart-block between the  auricles  and ventricles, while 
at  the  same  time  the  auricular  rate  again  remained  unaffected.  In  these  cases, 
therefore, by increasing vagus irritability  (pressure  and digitalis)  the ventricular 
rate  was  decreased,  and  by  decreasing  vagus  irritability  (elimination, of  vagus 
control by atropin), the ventricular rate was increased.  The auricular rate, how- 
ever,  remained  uninfluenced by  these  procedures.  In  other  words,  the  auricles 
in these cases  have escaped  chronotropically from  vagus  control. 
RihP  has  assumed  that  this  emancipation of  the  auricles  is  due,  on  the  one 
hand, to  absent vagus control and, on the other, to increased  accelerator  influence. 
It is difficult to accept this theory, because if the disturbance were in the periph- 
eral  nerves,  then  a  continued  or  an  increased  control  of  the  ventricles  by  the 
nerves,  which  he  also  assumes,  a  is  hardly  reconcilable  with  a  complete  loss  of 
control  of the  auricles. 
In explanation of the phenomena in these cases, one might assume 
that  the  site  of  stimulus  production  has  become anatomically  dis- 
located from the  sino-auricular  node, and  is now beyond the reach 
of the rate-controlling  vagus.  In one of Rihl's cases, such a  dislo- 
cation of the  site of stimulus production  is indicated by the dimin- 
ished A-C interval and also by the appearance of a  negative P  wave 
in curves from the second lead.  However, numerous curves of the 
author's unpublished case show a positive P  wave, wherefore stimu- 
lus production must have been at or near the usual site, and to this, 
of course, vagus influence could reach.  A  peripherally active vagus 
and a normally placed stimulus-producing area are therefore known 
2 Rihl, loc. cir., p. 3Io. 
* Rihl, loc. cir., p. 3II. Alfred E. Cohn.  51 
to  exist  in  this  case.  In view of the  fact that  we know fhat  the 
vagus  reached  and  influenced  the  ventricles,  the  lesion  must  be 
looked for in the fibers of the vagus to the auricle, or in the vago- 
auricular junction, or in the auricle, or possibly in the sino-auricular 
node itself.  A  consideration of accelerator action will not be dis- 
cussed here. 
When the author's  case came under observation, 4 it occurred to 
him tha,t differences in the action of the right and left vagus might 
account for the findings recorded.  The demonstration of such dif- 
ferences in the action of the two va~i would be an important step 
toward an explanation of the mechanism of ,these cases.  The  fol- 
lowing experiments were therefore made, with the view of ascer- 
taining whether or not there were differences in  the action of the 
right and left vagus on various portions of the heart. 
The  experiments  were  carried  out  on  the  hearts  of  dogs,  per- 
fused  in  situ.  The  two  vagus  nerves  were  dissected  out.  The 
right auricle and the left ventricle were attached to  receiving tam- 
bours  which,  in turn,  communicated by air transmission  with  two 
recording tambours.  The  recording was  done  in  ink  on  a  white 
paper kymograph.  The right and left vagus nerves were stimulated 
with a  faradic currem of varying strength.  In some of the experi- 
ments,  ventricular fibrillation had  already occurred spontaneously, 
or had been induced.  Whether the ventricles were fibrillating or not, 
differences in  the  action of the two vagi  on  the  auricles could be 
made  out.  This  is  illustra,ted  by  the  curves  of  experiment  587 . 
Stimulation of the right vagus  (figure I2)  in the neck produced no 
effect, probably because excessive injury had been done to the nerve 
in dissection.  Stimulation of the right vagus in the chest (figure 13), 
however, caused complete inhibition of auricular movement.  Stimu- 
lation of the left vagus in the neck  (figure I I), on the other hand, 
produced no chronotropic change whatever, though a  marked nega- 
tive  inotropic change is clear.  In another experiment  (No.  58I), 
stimulation  of  the  right  vagus  (figure  2)  caused  only a  marked 
negative inotropic change, while stimulation of the left vagus  (fig- 
ure  I)  was  without  effect.  In  these  two  experiments there  was 
ventricular fibrillation, and vagus stimulation  (right or left)  failed 
4 In  December,  ~9Io,  before  the  publication  of'  Rihl's  cases. 52  Auricular  Tachycardia. 
to  relieve  this  condition  and  to  restore  the  ventricles  to  orderly 
contraction.  Here is an example of an auricle chronotropically un- 
influenced by either right or left vagus stimulation.  This is a  con- 
dition  comparable  to  that  found  ha  the  cases  reported.  In  this 
experiment  (No.  58I),  the  sino-auricular  node had been  excised, 
and  it  is  possible  that  the  clinical  phenomena  may be  associated 
with a  comparable event.  This is the only experiment in which the 
right vagus  was  chronotropically ineffectual. 
Differences in the action of the two vagi  were also observed in 
the absence of ventricular fibrillation.  In  experiment 584  (figure 
3),  both  vagi  were stimulated  at o.  The  right vagus  stimulation 
slowed the  whole heart,  while the  left vagus  stimulation  was  in- 
effectual.  Stimulation of the right vagus in experiment 586  (figure 
9) stopped ~both auricles and ventricles.  The effect on the ventricles, 
however, was  not  profound, as  is  seen by the slight  negative ino- 
tropic effect, whereas the effect on  the auricles  was  most  marked 
and  far outlasted even the slight diminution in the size of the ven- 
tricular contractions.  Stimulation of the left vagus  (figure 8)  with 
a  current of the  same  strength  was  ineffectual in  producing  any 
effect, but with a  somewhat stronger current  (figure IO)  the ven- 
tricular contractions were entirely arrested.  The slight movements 
seen in the ventricular curve were conveyed to the pen by the signal. 
Another error in this curve is due to the fact that the signal records 
a period of vagus stimulation, after the electrodes had been removed 
from the nerve.  At the same time, however, it can be seen clearly 
that  auricular movements did  not  come to  an end,  although  their 
strength was greatly reduced. 
A  final  illustration of  the  difference between the  action  of the 
two nerves is given in the curves  from experiment 585.  Stimula- 
tion of the right vagus  (figures 4  and 6)  results in complete stop- 
page  of  the  whole  heart,  the  ventricles  following  the  auricles. 
Stimulation of the left vagus  (figure 5),  however, is  followed by 
ventricular stoppage only.  The auricle continues to beat during this 
period, but at a reduced rate and with a somewhat irregular rhythm. 
The auricular contractions have, in fact, the appearance of breaking 
through the vagus inhibition.  Somewhat similar events are seen in 
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but  here,  unlike  the  events  shown  in  figure 5,  the  auricular  con- 
traction is  followed by three ventricular contractions.  During  the 
remainder  of  the  period  of  vagus  faradization,  the  ventricles  re- 
main asystolic, although the auricles continue to beat.  In these four 
curves  of  experiment  585,  negative  inotropic  effect  is  greater  on 
the auricles than on the ventricles, whether it is the right or the left 
vagus  that  is  stimulated. 
The inference to be drawn  from these curves may be summed up 
as  follows:  (I)  the  auricles  are  always  affected  by  right  vagus 
stimulation; the ventricles may also be affected, either primarily or 
secondarily;  (2)  the ventricles are  controlled by left vagus  stimu- 
lation; the  auricles  may or may not be  affected.  The curves here 
presented  are  selected  from  a  large  number.  All  the  experiments 
did not  show  such differences as  are here demonstrated.  There is 
a  definite lack of uniformity in the results obtained, but where dif- 
ferences in the action of the two nerves were demonstrable,  it was 
always  in the direction indicated.  A  discussion of the  significance 
of these results is given at the end of this  communication.  It may 
be  stated  here,  however,  that  it  is  appreciated  that  for the  present 
purposes,  the  method  of  perfusion  is  open  to  objection,  and  we 
should  hesitate  to  present  these  results,  were  it  not  for  the  close 
similarity  between  them  and  others  obtained  from  the  study  of 
normal  hearts.  Further  experiments  dealing  with this  subject  are 
still in progress. 
An examination of curves from experiments found in the literature shows, in the 
first place, that in studying  the effect of vagus stimulation on the heart, little  atten- 
tion has been paid to the vagus stimulated.  However, experiments  have been re- 
ported in which both vagi  have  been employed and in which differences in the effect 
of the stimulation  of the two vagi have been mentioned by the authors or shown 
in  their curves.  The predisposition  to  regard the  function  of the  two  vagi  as 
identical  has usually  led the writers to attempt to explain  the differences in the 
effect of left nerve stimulation  from that obtained by right nerve stimulation  as 
due  to  defects in  technique.  These differences,  however,  are of sufficient im- 
portance to direct attention to them, with the view of interesting other workers 
in this field. 
A  review of  all  the  experiments  that  have  been  performed on  the  cardiac 
nerves, especially the vagi, is unnecessary.  It is useful,  however, to collect from 
the large number  of experiments  already performed by others, those  that relate 
to  the  present  theme.  Erlanger  (4),  Hering  (5),  Rihl  (7),  Rothherger  and 
Winterberg  (8), Flack  (12),  Garrey (II),  Jiirgens  (IO),  and  Muhm  (9)  have 
all studied the action of the extrinsic nerves of the heart. 54  Auricular  Tachycardia. 
Differences  in  the  action  of  the  two  vagus  nerves have been  discovered  and 
studied  under two  conditions:  (I)  In  one  set  of  experiments  there  has  been  no 
interference with  the  normal  mechanism of  the  heart,  except  that  necessary  for 
the  purposes  of  registration.  These  are  illustrated  by  the  experiments  already 
detailed.  (2)  In other experiments,  interference with  the  stimulus-producing  or 
conducting  mechanism  of  the  heart  has  been  attempted.  In  this  group  are 
included the heart-block experiments and those in which the sinus node has been 
attacked.  We  shall first  consider  those  in  which  heart-block  has  been  induced. 
Erlanger  (4),  Hering  (5),  and RiM  (7)  have tested the vagi in a  number of 
such cases  and have arrived at somewhat different conclusions in  regard  to  what 
actually  takes  place.  Hering  and  Rihl  say  that  stimulation  of  the  vagi  inhibits 
the rate of  the ventricles, though it may do so very slightly, while Erlanger denies 
that such  stimulation alters the ventricular rate at  all.  If  the  cases  of  complete 
clinical heart-block in  which  atropin  was  used  may  be drawn  upon  for  deciding 
evidence,  Erlanger's  contention  must  be  accepted,  for  in  these  cases  atropin 
never  induces  a  relief  of  the  supposed  vagus  inhibitory  control.  We  do  not 
know,  however,  whether  all  the vagus  fibers  travel  to  (he ventricles by the  path 
of  the  A-V  bundle.  Hering  5  thinks  that  they  do  not.  Conclusions  based  on 
experiments made with the supposition that the ventricles are necessarily relieved 
of vagus control by a  transverse lesion of the bundle, may be in  error, as  will be 
seen.  If the vagi  do not pass  along with  the bundle,  no final conclusions can be 
drawn  from  experimental  cases  of  heart-block,  while  if  only  one,  or  parts  of 
one,  or  parts  of  both,  pass,  then  experiments  made  after  transverse  lesions  of 
the  bundle  must  be interpreted  with  these possibilities  in  mind.  We  cannot  see 
that  Hering,  Rihl,  or  Erlanger  has  considered  in  sufficient  detail  these  anatom- 
ical  possibilities,  which  would  modify  considerably  any  conclusion  concerning 
vago-ventricular physiology.  It  must  also  be  borne  in  mind  that the  paths  and 
endings of  the  right and  left vagus may differ.  No  such  distinction  as  this was 
considered by Erlanger or by Hering. 
Differences  in  the  effect  of  stimulation  of  the  right  and  the  left  vagus  can 
be demonstrated  when  there  is  auriculo-ventricular  dissociation.  In  a  curarized 
rabbit,  Hering  6  produced  auriculo-ventricular  block  by  tying  and  crushing  the 
A-V  bundle;  auriculo-ventricular  dissociation  took  place.  When  he  stimulated 
the  right vagus,  the  auricles  were  inhibited  to  the point  of  stoppage;  the  ven- 
tricles  also  were  slowed,  but  continued  to  beat  during  the  entire  auricular 
asystole.'  When  he  stimulated  the  left  vagus,  however,  cessation  of  the  ven- 
tricular beat  occurred  after a  time;  this was  followed  by a  period  of  ventricular 
slowing  without  any  effect  whatever  on  the  auricles.*  The  curves  from  this 
experiment  are  comparable  to  the  curves  of  another  experiment  of  Hering's  to 
be mentioned later,  where,  in the absence of A-V  dissociation, stimulation of  the 
right and left vagus produced effects similar to  these.  That is to say, stimulation 
of the  right vagus produced  a  primary  effect  on the auricles,  and  either none or 
only a  slight one on the ventricles,  while stimulation of  the  left  vagus  produced 
slowing or  stoppage  of  the  ventricles without  any  effect on  the  auricles. 
Hering, loc. cir., p. 288. 
o Hering, loc. cit., p. 288, curves 15 and 16. 
Hering, loc. cit., curves II and 15. 
* Hering, loc. cit., curve 16. Alfred E.  Cohn.  55 
In  Rihl's  (7)  experiments,  the  right  vagus  imperfectly  controlled  the  ven- 
tricles  (as  shown  in figure  I  of  his  report),  so that  in  this  case  they  were  con- 
trolled  apparently  independently  of  the  auricles,  the  auricles  being  asystolie; 
where the A-V groove was  clamped,  stimulation  of  the  left vagus  affected both 
auricles  and  ventricles,  the  auricles  more  than  the  ventricles  (figure  2);  but 
in  another  experiment  (figure  4),  where  the  left  vagus  was  again  stimulated, 
the  ventricles  alone  were  affected.  Although  we  are  told  that  in  this  experi- 
ment  the  auricles  did  not  beat,  the  question  arises  as  to  what  the  waves 
between  the  waves  of  ventricular  contraction  signify.  From  their  rate,  one 
judges that  they may possibly be of auricular  origin.  If that  is the case,  the left 
vagus  in  this  instance  inhibited'  the  ventricles  only.  Other  curves  (Nos.  5,  6, 
and  7)  show  the  effect  of  right  vagus  stimulation  when  no  A-V  block  was 
present.  In  this  case,  the  auricles  stopped  before  the  ventricles,  but  the  ven- 
tricles  did  not  escape  from  the  inhibitory  control  before they should. 
Erlanger has,  unfortunately,  not designated  which  vagus  nerve he  stimulated 
in  his  heart-block  experiments.  Occasionally  he  refers  to  the  right  nerve.  In 
the  absence  of  data  on  the  action  of  the  left  nerve  in  his  experiments,  any 
comparison between his results and those  of other authors  is out of the question. 
Stimulation of the right vagus never induces inhibition of the ventricles with- 
out inhibition of the auricles, when heart-block  is not present.  When the auricles 
are  inhibited,  the  ventricles  invariably  follow  them,  although  at  times  not  so 
perfectly as at  others.  Now it is by no means proved that  this  ventricular  inhi- 
bition is due to the fact that the ventricles depend upon  the auricles  for stimula- 
tion.  If,  on  the  other  hand,  stimulation  of  the  left vagus,  in  the  absence  of  a 
transverse  lesion,  of  the  A-V  bundle,  results  in  inhibiting  the  ventricles  alone, 
while the auricles continue at the old pace, we are justified in speaking of a  pure 
ventricular  inhibition.  Curves  illustrating  this  independent  ventricular  control 
are  shown  in  Hering~s  (6)  paper  in  curves  5,  6,  7,  and  8.  Stimulation  of  the 
right vagus  in these cases  caused  slowing of the whole  heart--auricles  and  ven- 
tricles  (see Hering's curves, Nos. I, 2, 3, and 4). 
Garrey  (iI)  has  also shown  that  in the tortoise heart  stimulation  of the  left 
vagus  fails to control the auricles. 
Rothberger  and  Winterberg  (8)  have  obtained  and  recognized  differences 
in the action of the two vagi.  In a  recent paper,  they have described  an  experi- 
ment*  which  shows  differences  in  the  action  of  the  right  and  left  vagi  on  the 
auricles  and  ventricles,  similar to  those  shown  by  Hering's  curves.  Stimulation 
of the right vagus caused  complete stoppage  of the auricles, while stimulation  of 
the  left  vagus  merely  slowed  the  auricles,  though  the  ventricles  were  entirely 
inhibited.  They  have  also  reproduced  one  curve  (7b)  which  shows  tbat  stimu- 
lation  of  the  left vagus  may completely inhibit  the  ventricles,  while the  auricles 
continue  to  beat  in  an  unaltered  rhythm.  The  synchronous  stimulation  of  the 
left accelerator  probably  had  no influence  on the  result of  the  experiment  from 
our  point  of  view.  Although  they  have  recognized this  difference in  the  action 
of the two vagi, they lay no particular stress upon it.  Unfortunately, they studied 
the effect of stimulation of the right and  left nerves in  detail in this  experiment 
only.  They explain this phenomenon by saying, "Ausnahmsweise aber verlaufen 
auch  die hemmenden  Fasern  fiir den  Sinus  Knoten  fast  ausschliesslich  im reeh- 
ten,  fiir  die  Atrioventrikulargrenze  dagegen  vorzugsweise  im  linken  Vagus." 
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In Muhm's  (9)  paper,  there  is a  curve  (table VI,  No.  5)  in which,,  on vagus 
stimulation,  the  ventricles  ceased  beating,  while  the  auricles  continued  to  con- 
tract  practically  unchanged.  Unfortunately  there  is  no  statement  as  to  which 
vagus  was  stimulated,  so  that  the  experiment  cannot  be  classified'..  It  is  note- 
worthy  that,  on stimulating the vagus,  ventricular  asystole  occurred  in the pres- 
ence  of  auricular  contractions  at  an  unchanged  rate.  As  will  be  seen  later,  it 
seems  likely  that,  just  as  one  can  now  distinguish  from  its  electrical  complex 
whether  an  extrasystole is of  right  or left ventricular  origin, we are justified in 
assuming  that  in this  instance  the  stimulation  was  of  the left vagus  nerve. 
In the studies of Jiirgens  (Io)  on the action of the vagus in pigeons, no atten- 
tion  was  paid  to  the  differences  in the  effect of  faradic  stimulation  on  the  two 
sides.  In  his  curves,  it  is  always  stated  which  vagus  had  been  stimulated,  and 
from these curves it appears  that  right  vagus  stimulation  with  currents  of  mod- 
erate strength  affected the auricles  and,  occasionally, the ventricles.  Sometimes, 
however,  the  latter  escaped  from  the  increased  inhibitory  action.  With  weak 
currents  only  negative  inotropic  ventricular  effects  were  obtained.  When  the 
left vagus  was  stimulated,  1° unequal  negative or positive inotropic  effects on the 
auricles, or on both  auricles and ventricles, with negative chronotropic  effects on 
both,  were  obtained. 
Recently, Garrey  (Ii)  has studied the action of the two nerves~ on the turtle's 
heart.  He  makes  it  clear  that  he  has  not  obtained  absolute  uniformity  in  his 
results.  After making various tests,  he proved that  the innervation of the  right 
half  of the heart  falls to the right vagus nerve, while that  of  the left half  falls 
to  the  left.  But  aside  from  this  anatomical  difference,  there  were  qualitative 
differences  found,  the  most  important  of  whicl~  is  that  the  left vagus  exercises 
no chronotropic effect o~ the whole heart in the usual  sense.  This  is  due to the 
fact  that  the  pace-making  mechanism  in  the  turtle's  heart  is  on  the  right  side. 
Even  when* stimulation  of  the left vagus can bring the heart  to a  standstill,  the 
right  caval vein,  the pace-maker,  still continues  to beat.  Garrey  says  that  when 
the  heart  stops  under  these  circumstances,  it  is  because  the  left  vagus  merely 
depresses  conductivity  and  contractility.  He  has  shown,  therefore,  qualitative 
and  quantitative changes  in the vagus nerves of  the turtle's  heart,  depending  on 
the differences of anatomical  distribution  of the two nerves. 
Another method of approaching the vagus control of the cavities of the heart 
is  a  relatively recent  one,  and  few  observation,s  on  the  subject  are  at  hand.  It 
consists  in determining the action  of the extrinsic cardiac nerves  with  and  with- 
out  the normal  functioning  of  the  sino-auricular  node.  Flack  (i2),  working  in 
Kronecker's laboratory  on the functions  of the slno-auricular  node,  attempted  to 
demonstrate  the  power  of  the  node  over  the  rest  of  the  heart  by  showing  its 
relation  to  the  cardiac  nerves.  He  examined  both  right  and  left  nerves.  The 
experiments  bearing  on  this  point  were  performed  on  dogs  and  rabbits.  The 
sino-auricular  node  was  rendered  inactive  and  the  vagus  or  accelerator  nerves 
were then  stimulated.  To  render  the node  inactive, he poisoned  it with  atropln 
and  muscarin,  froze  it  with  ethyl  cblorid,  or  clamped  it  with  Spencer  Wells 
clamps.  In the muscarin  tests,  the two nerves were not  adequately  treated,  and 
we  shall  therefore  not  concern  ourselves  with  them.  In  the  other  experiments, 
the  exclusion of  the  node  from  activity was  demonstrated,  since  stimulation  of 
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the right vagus or the right accelerator in such cases always  failed to bring about 
the  usual  physiological  results.  Neither  auricles  nor  ventricles  showed  any  re- 
sponse.  Stimulation of the left vagus tended to result,  as is usual  under  normal 
conditions.  The results, which were not as uniform  as  those obtained  on stimu- 
lation of the right vagus,  are given in  table  I. 
tor. 
ft.  Treatment of 
node.  Animal. 
Atropin  Rabbit (1) 
(2) 
Dog  (3) 
Muacarin  Rabbit (4) 
Dog  (5) 
Freezing  Dog  (6) 
(S) 
(V) 
Clamping  Rabbit (8) 
(9) 
(io) 
(it) 
(12) 
Dog  (3) 
II  (7) 
TABLE  I. 
Yen- 
tricle. 
+ 
+ 
*--means  that  the usual  physiological effect is not  obtained. 
t  +  means that  the usual  physiological effect is  obtained. 
o means that  this nerve did not  act well. 
§ means that the left vagus did not act well. 
II means that  it is doubtful whether all the node was clamped. 
It is  evident  from Flack's table  that  (I)  the right vagus  in no  instance pro- 
duced  its  normal  physiological  effect  on  either  the  auricles  or  the  ventricles, 
except  in  the  experiments  in  which  muscarin,  which  stimulates  the  vagus,  was 
employed,  and  in  one  dog  in  which  the  entire node  was  not  clamped  off;  (2) 
the action of the left vagus varied slightly; it usualy failed to affect the auricles, 
and  where it d~d  act,  it acted on the ventricles rather  than  on the auricles;  (3) 
the right accelerators never acted  at all, and the left accelerator sometimes  acted 
and  sometimes did not.  In  other  words,  the right  nerves  in the  absence  of  the 
node did not act on the auricles, while the left ones did;  likewise, the right nerves 
did not  act  on  the  ventricles,  although  the  left  nerves  did.  From  the  point  of 
view of  their action  on the  node,  therefore,  it  appears  that  the vagi of the  two 
sides  act  somewhat  differently.  When, the node  was  made  ineffectual,  action of 58  Auricular  Tachycardia. 
the  right nerve on the heart,  barring accidents, was  not obtained, while the  left 
nerve still acted,  although in an irregular manner. 
Finally, the  observation~s  of  Robinson and  Draper  (I3)  show  differences  in 
the  vagi,  wheu  tested  in  man,  analogous  to  those  determined  by  experimental 
methods. 
DISCUSSION. 
In  the  present  paper,  an  effort  has  been  made  to  offer  a  pos- 
sible anatomical and physiological explanation for the occurrence of 
auricular  tachycardia.  To  do  this  it has  been necessary to  show 
that the two vagi have somewhat different distributions and  func- 
tions.  That such differences exist we think proven from our own 
experiments and  from  those  of  other  writers.  These  differences 
are not constant, but,  in general, the right vagus has an auricular, 
while the left vagus has an atrio-ventricular or ventricular distribu- 
tion.  The field of action of the right vagus, however, is not abso- 
lutely confined to  the  auricle,  but  from  the  evidence at  hand  we 
muse assume that the right vagus may affect the ventricle directly 
by  fibers  ¢o  the  ventricle  independently of  those  to  the  auricles. 
These fibers may have mainly an inotropic function, but there may 
be chronotropic fibers as well. 
The further important point has been established that the auricu- 
lar  rate  is  usually incapable  of being influenced by vagus stimula- 
tion  when  the  sino-auricular  node  has  been  removed.  In  other 
words, chronotropic vagus action on the auricles is usually, at least, 
only through this node.  On the other hand,  in the only instances 
known in which the right vagus did not control the auricular rate, 
the  sinus node  was  excluded  from activity. 
Assuming that  the  evidence is  sufficient to  establish  the  above 
facts,  we  have  the  following possible  anatomical  explanation  of 
the  phenomenon of  auricular  tachycardia.  It  might  result  from 
one of the following lesions:  (I)  either the vagus  (or certain of 
the right vagus fibers)  is the site of a  pathological process, so that 
the  functionally active  fibers  do  not  reach  the  node;  (2)  or  the 
node  itself  is  pathological  and  incapable  of  receiving  the  vagus 
fibers  or of making effective the stimuli received from the nerve; 
and, in either case, an ectopic area of stimulus production has  as- 
sumed the pace-making  function.  Absence  of  the  sino-auricular 
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the absence  of vagus  control  is  known to  raise heart  rate,  absence 
of the node is known to lower it.  It is generally accepted, however, 
that,  under pathological  conditions, other  parts  of the  auricle may 
acquire a  rate even faster than the pace-maker.  That the electrical 
complex  in  such  cases  is  not  changed  does  not  exclude  the  possi- 
bility of an abnormal site of stimulus production,  for the new site 
may be so near to the old one that this change does not occur. 
The  fact that in Rihl's cases  slowing of the ventricles occurred, 
following pressure  on the right vagus,  does  not speak  against this 
explanation,  since, as previously stated,  there is evidence that ordi- 
narily some fibers from the right vagus reach the ventricles directly. 
Further study of similar cases,  especially the study of the effect of 
right and left vagus pressure,  will be  necessary to  show how well 
the explanation given fits all such cases.  Our main purpose now is 
to  draw  attention  to  the  differences  in  function of  the  two  vagi, 
to indicate the relation of the  sino-auricular node to vagus  action, 
and finally to offer a  possible explanation of auricular tachycardia. 
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EXPLANATION  OF  PLATE  6. 
In  these  curves,  the  upper  line  represents  the  time  marked  in  half  seconds; 
the  second  line  represents  auricular  systole;  the  third  line,  ventrieular  systole; 
the  fourth  line is a  signal showing vagus  stimulation. 
Experiment 58r.--March  7,  1911.  In this experiment, the  sino-auricular  node 
has been excised,  and the ventricle made to  fibrillate by  faradization.  The auric- 
ular  rhythm  remained  regular. 
FIc,.  I.  Stimulation  of  the  left  vagus  was  without  effect.  The  significance 
of the removal of the node and the faradization of the ventricle will be discussed 
in another place. 
FIG.  2.  Stimulation  of  the  right  vagus  nerve  pro6uced  a  marked  negative 
inotropic, but  no chronotropic effect. 
Experiment  584.--March 16,  1911.  The  curves  were  taken  with  the  heart 
intact. 
FIG.  3-  The  right  and  left  vagi  were  stimulated  at  o.  Stimulation  of  the 
right vagus had a  negative chronotropic effect on the whole heart and a  negative 
inotropic effect on the auricle.  Stimulation of the left vagus was ineffectual. 
Experiment 585.--March 21,  191I.  The  curves  were  taken  with  the  heart 
intact. 
FIG. 4.  Right vagus  stimulation at 5.  There is complete stoppage of  auricles 
and ventricles. 
FIG.  5.  Left  vagus  stimulation  at  5  produced  a  negative  chronotropic  effect 
on the auricles,  but a  complete  cessation  of  the ventricles. 
Fro. 6.  The same  as figure 4. 
Fro.  7.  The  same  as  figure  5.  Three  auricular  contractions are  followed  by 
ventricular  beats.  The  ,4-//"  intervals  are  abont  the  same  during  as  before 
stimulation. 
Experiment 586.--March 24,  1911. 
FIG.  8.  Left vagus  stimulation  at 5  is  ineffectual. 
FIG.  9.  Right vagus  stimulation at 5  stops the heart. 
FIG.  IO.  Left  vagus  stimulation  at  2  has  slight  negative  chronotropic  and 
marked negative inotropic effect.  The ventricle is asystolic;  the irregularities of 
the  curve  were  communicated  by  the  lever  of  the  signal.  The  curves  in  this 
experiment  were  taken  with  the  heart  intact. 
Experiment  587.--March 27,  1911.  The  curve  was  taken  with  the  heart 
intact.  Ventricnlar  fibrillation  has  been  induced  by  faradization.  There  was 
complete  irregularity of  the  auricles. 
FIG.  II.  Left vagus  stimulation at  5  caused  marked  negative inotropic  effect 
on the auricles. 
FIG.  12.  Right  vagus  stimulation  at  5  produced  no  effect.  The  nerve  had 
been  severely  handled  in  dissection. 
FIG.  13.  Right  vagus  stimulation  in  the  thorax  at  5.  There  was  complete 
arrest of  the auricles. 